The production of extracellular hydrolases by a psychrotrophic bacterium isolated from refrigerated raw milk, and identified as a Pseudomonas sp. belonging to the Pseudomonas jenssenii group, was studied. This bacterium produced proteolytic and lipolytic enzymes in all media investigated (skim milk, cheese whey, casein broth, and tryptone soy broth). High levels of α-glucosidase were produced in skim milk broth.
normally acquires contaminating bacteria during milking, handling and processing (3) .
The cold storage of raw milk and dairy products is a prerequisite for the dairy industry. Although such practice on farms and in processing plants reduces the spoilage by mesophilic microorganisms, it will not prevent deterioration by psychrotrophic microorganisms (12, 26) . Therefore, psychrotrophic microorganisms are predominant in raw milk microbiota during the storage, producing hydrolytic enzymes such as proteases and lipases which are responsible for many quality issues, defects and deterioration, resulting in the limited shelf-life of dairy products (3, 20) . Although psychrotrophs are usually destroyed by heat treatments, the extracellular enzymes produced by these microorganisms are usually thermostable, keeping their activities even after pasteurization and even ultrahigh temperature (UHT) treatments (8, 25) . Enzymatic spoilage without concomitant bacterial growth is of special concern in UHT milks (26) .
Pseudomonas spp. are the predominant psychrotrophic bacteria isolated from refrigerated raw milk, being among the major spoilage agents in the dairy industry (8, 20) . The aim of this study was to investigate the profile of extracellular (28) . The 16S rDNA sequencing data indicated that the strain was taxonomically close to Pseudomonas species.
The sequence shared 99% of similarity with Pseudomonas koreensis (13), which clusters with P. jenssenii (28) . According to these characteristics the isolate was identified as a Pseudomonas sp. belonging to the P. jenssenii group. Strains of the P. jenssenni cluster have not been associated to milk spoilage, which is frequently related to Pseudomonas fluorescens, Pseudomonas putida and Pseudomonas fragi as prevalent species (17, 19, 29) . °C for 60 min, the release of pNP was determined at 405 nm.
One unit (U) of lipase was defined as the amount of enzyme that released 1 µmol of pNP at the above conditions. Activities of α-glucosidase, β-glucosidase, α-Hydrolytic potential of psychrotrophic Pseudomonas galactosidase, β-galactosidase, N-acetyl-β-glucosaminidase and N-acetyl-β-galactosaminidase were evaluated using the respective pNP-derivatives (Sigma) as substrates (4) . Release of pNP was determined by measuring the absorbance at 405 nm, and one unit (U) of glycosidase was defined as the amount of enzyme that released 1 µmol of pNP at the assay conditions.
The profile of extracellular enzymes (protease, lipase, glycosidases) produced by Pseudomonas sp. 1A4R during growth on different media is presented in Table 1 . Preliminary results showed the proteolytic potential of strain 1A4R during growth on skim milk agar plates, where prominent clearing zones were observed (data not shown). Subsequently, protease production was investigated in submerged cultivations.
Extracellular proteolytic activities of Pseudomonas 1A4R were higher on TSB, followed by CWPB, C50B, SMB and C10B (Table 1) . During growth on casein broths, which contained this substrate as the only carbon and nitrogen source, protease production showed to be positively correlated with the casein content, suggesting that casein could act as an inducer of protease production in Pseudomonas 1A4R. On zymogram analysis, Pseudomonas 1A4R showed to produce at least one proteolytic enzyme during growth on SMB, and at least two proteases on CWPB, TSB and casein broths (Fig. 1) . Large activity zones on the zymogram were observed for proteases produced on CWPB and TSB, which may be a function of enzymes migrating in the native conformation, and/or the result of a larger amount of protease (Table 1) . However, it is not clear if these proteolysis bands corresponded to different monomeric proteases or to aggregates or multimers (19) . Rajmohan et al. (22) reported the production of five proteases by three different Pseudomonas strains, whereas Nicodème et al. (19) showed that Pseudomonas sp. LBSA1 isolated from raw milk produced only one extracellular protease. The majority of Pseudomonas species, and other psychrotrophs, produce a single type of monomeric (40-55 kDa) neutral metalloprotease, with optimum pH of 6.5-8.0 (3, 20, 26) .
Proteolytic activities detected on skim milk broth are of particular concern, since these enzymes could be produced during the cold storage of raw milk and contribute to the Hydrolytic potential of psychrotrophic Pseudomonas spoilage of milk after heat treatment. The casein content and pH of normal milk were shown to be suitable for the action of proteases produced by psychrotrophs isolated from raw milk (20, 25) . Actually, casein hydrolysis results in the destabilization of the casein micelle and the production of small peptides that contribute to bitter flavors in milk and milk products (6, 12) . Proteolysis is a main factor limiting the shelflife of UHT milk due to flavor and texture changes, with the eventual formation of a gel. This process is of special economical importance since only trace levels of protease are required to cause gelation of UHT milk during storage (5). Exploitation of Pseudomonas spp. as promising enzyme producers is a reality (10, 15) . As Pseudomonas 1A4R produced high protease levels in TSB and CWPB, investigations on the applications of such proteolytic enzymes are pertinent. In addition, the genus Pseudomonas is considered as an important lipase producer, being biotechnologically exploited (10) . Pseudomonas 1A4R showed higher lipolytic activity on CWPB, followed by SMB. Milk is a good medium for lipase production, since the synthesis of such enzymes can be stimulated by lipids, such as milkfat (3) . In this sense, lipase activity is generally higher in whole milk than in skimmed milk (6) . Contrarily, low levels of lipase were produced on TSB and casein media ( Table 1 ), indicating that the production of lipase is induced by lipids present in culture media.
In milk, lipase activity leads to spoilage through the hydrolysis of triglycerides, with the preferential release of medium and short-chain fatty acids. The hydrolysis of as little as l% of the milk triglycerides could lead to rancid off-flavors (3, 12) . Specifically, Dogan and Boor (7) reported that of 338
Pseudomonas spp. isolated from raw and pasteurized milk, 67% were lipase positive, and rancid flavors were associated with the presence of lipase-producing strains. As lipases can cause spoilage of milk and dairy products even at low concentrations (1), the production of such enzymes by Pseudomonas 1A4R might negatively affect the quality of milk and dairy products.
Among the extracellular glycosidases investigated, Pseudomonas 1A4R produced only high α-glucosidase activity in SMB medium. In the remaining culture media, glycosidases were produced only at low levels or were not produced at all (Table 1) . Contrarily, the hydrolysis of β-anomers of glucose and galactose by psychrotrophic bacteria was reported to occur more rapidly than their respective α-anomers (15). Deeth et al. 
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